Aims/hypothesis. Our study compared the effects of glimepiride or glibenclamide treatment on body weight over 12 months of treatment in patients with Type 2 diabetes in routine outpatient practice. Methods. This new retrospective study design used data from physicians in a restricted manner (retrolective). Data from case report forms from 520 patients from 91 randomly selected centres were assessed and covariance analysis performed.
sensitivity [2] . Although diet and exercise are recommended as an initial therapy for newly diagnosed Type 2 diabetic patients, drug therapy begins in most patients at least 3 months after diagnosis [3] . Weight gain is considered to be a disadvantage of sulphonylurea (SU) therapy; however, previous studies suggest that glimepiride has a weight-neutral effect on patients with Type 2 diabetes [4, 5] . Despite its importance, change in body weight has never been taken as the primary endpoint in any prospective or retrospective clinical studies with oral antidiabetic drugs.
Glimepiride is a once-daily SU, which differs from older agents in this class, e.g. glibenclamide, in that it is associated with equivalent metabolic control with lower stimulation of insulin secretion [6, 7] , and with Up to 90% of patients diagnosed with Type 2 diabetes are overweight [1] . In these patients weight loss is associated with a considerable improvement in metabolic and clinical factors, including HbA 1c , fasting plasma glucose, triglyceride concentrations and insulin a lower incidence of hypoglycaemia [8] . Glimepiride has been shown to increase first-and second-phase insulin secretion [9] , whereas glibenclamide only affects the second phase. Glimepiride also exerts various extrapancreatic, insulin-independent, glucose-lowering effects, and has been shown to improve peripheral glucose uptake and reduce endogenous glucose production [10] .
Retrospective, observational studies have previously been perceived to produce less reliable results than prospective, experimental studies, as they can potentially overestimate treatment effects through, for example, use of historical controls or non-randomisation [11, 12] . Recent evidence, however, has indicated that well-designed observational cohort studies do not systematically overestimate or underestimate the effect of treatment compared with randomised controlled trials investigating the same clinical topic [13, 14] , provided that a number of criteria similar to those in a randomised trial are fulfilled [15] .
Retrolective observational cohort studies are population (epidemiologic) studies based on a representative sample of patients treated routinely in clinics or general practices, with rigid inclusion and exclusion criteria and treatment allocation prior to study initiation enabling valid comparisons of the safety and efficacy of treatments. The dependence on baseline conditions and other characteristics can be quantified by the propensity score, a proven tool for making adjustments for preferences and characteristics [16, 17, 18] . Retrolective observational cohort studies allow us to assess whether the beneficial effects of therapeutic treatments observed in controlled, prospective clinical trials occur in daily clinical practice, thereby providing valuable information on the effectiveness and safety of such treatments in broad patient populations.
Our study used the retrolective observational cohort study design to compare retrospectively the effect on body weight of treatment with glimepiride or glibenclamide over a 12-month period in patients with Type 2 diabetes in routine clinical practice.
Subjects and methods
Study design. This was a multicentre, observational study with a controlled retrolective cohort study design in newly diagnosed Type 2 diabetic patients from 91 practices in Germany.
Investigation sites. Practices were chosen at random from a comprehensive public address database of doctors' practices (Pan-Adress, Munich, Germany), while maintaining a ratio between specialised and other practices. The practices included were general practitioners, diabetologists and internists, and were representative of practices where Type 2 diabetes is diagnosed and the initial dose adjustment of medication (including insulin) is carried out. The number of patients recruited was proportional to the total number of patients with Type 2 diabetes treated at the practice during the observation period.
Subjects. Drug treatment-naïve patients with a confirmed diagnosis of Type 2 diabetes who, with or without dieting, received an initial dose adjustment with glimepiride or glibenclamide during the period from April 1998 to March 1999 were included in the study. Additional inclusion criteria were: age 35 years or older, disease duration less than 5 years, BMI 27 kg/m 2 or higher. Patients who, before or during the study, were taking any antidiabetic drugs other than glimepiride or glibenclamide or any medication known to influence body weight were excluded. During the observation period it was required that a consistent method of measuring body weight was adopted for each patient. However, as the aim of the study was to assess weight differences, the method of weight measurement did not have to be identical in all practices. Documentation of body weight, fasting blood glucose (FBG), systolic and diastolic blood pressure and HbA 1c values were needed for a 12-month period after initial dose adjustment.
Study protocol. The study comprised two visits by the patients, one at the start of treatment, the other after 1 year (±3 months). Weight measurement procedures were the same at both visits; patients were measured on the same scales, and control measurements were taken to assess accuracy. Patient details were transferred to case report forms, and strict standard operating procedures and close monitoring of data acquisition were implemented to ensure good data quality. Patient and physician characteristics were recorded. Independent monitors verified the accuracy of the data by a special interview technique. Interviews were conducted together with the physicians.
Study outcomes. The primary outcomes assessed were mean change in body weight and BMI after 12 months of treatment. The secondary outcomes were changes in diabetes-related variables (HbA 1c , FBG, cholesterol).
Statistical analysis.
It was estimated that a sample size of 500 patients was required to show a significant difference between groups in mean change in body weight at the 5% level and with a power of 90%, providing that the true difference of the expectations in the population is at least 0.3-fold that of the standard deviation. This estimate assumed a standard deviation of 4 kg for a true mean difference of 1.2 kg in body weight between treatment groups.
The per protocol population (patients who met all inclusion criteria and none of the exclusion criteria) was used for all analyses. The propensity score was estimated by logistic regression from the cohort data, with physician and patient characteristics taken into consideration as covariables that could have influenced treatment assignment.
For the primary outcome of change in body weight or BMI, unadjusted mean changes were compared for independent samples using a Student's t test. Analysis of covariance was used to analyse the influence of the propensity score and baseline characteristics on the change in weight or BMI, and to test the difference in adjusted changes between treatment groups. Adjusted changes in body weight and BMI were evaluated with the estimated linear regression function with the mean values of the covariates listed. For each treatment group, the mean, standard error and 95% CI of the adjusted changes in weight and BMI were calculated and tested between the groups using an F test. Statistical analysis was done with SPSS+ for Windows, version 11.
Changes in diabetes-related variables (HbA 1c , FBG, cholesterol) during the treatment period were compared between treatment groups using the Wilcoxon's sign-rank test. Differences in laboratory variables between treatment groups at baseline and endpoint were assessed using the Mann-Whitney test.
Results
Study population. Details of 802 patients from 91 practices were documented. Of these, 520 patients were eligible for the per protocol population, 251 of whom were receiving glimepiride (glibenclamide: 269). The reasons for excluding the 282 patients were: missing or unclear data on initial treatment (n=36), first visit outside the investigation period (n=76), interval between first and second visit less than 270 or more than 600 days (n=35), BMI at first visit below 27 kg/m 2 (n=134), and missing blood pressure values (n=1).
The mean time interval between first and second visits was 389 days for glimepiride and 390 days for glibenclamide (p=0.830). The mean daily doses increased in this period of time for both treatment groups (glimepiride: 2.02 mg to 2.42 mg); glibenclamide: 4.95 mg to 6.17 mg) (p<0.001).
The baseline characteristics and patient data of the two patient groups were generally similar, though small but statistically significant differences were noted for age (p=0.005) and FBG (p=0.023) ( Table 1) . The baseline data of the physicians and practices where patients were treated were similar for both treatment groups. However, physicians who prescribed glimepiride treated significantly more patients per quarter (p=0.009) and were more likely to be women than those prescribing glibenclamide (p=0.077) (Table 2).
Study outcomes: Body weight and BMI. Both treatments led to significant reductions in body weight and BMI over the observed treatment period (p<0.001). Mean weight loss from baseline to study endpoint was greater with glimepiride than with glibenclamide (−2.04±3.99 kg vs −0.58±3.65 kg; p<0.001, Fig. 1a) . Although the variability of the changes between centres was significant (p<0.001), the differences between treatment arms in change in body weight from baseline remained significant (p=0.027) if the centres were taken into account as an additional factor. Accordingly, glimepiride achieved a larger reduction in BMI than glibenclamide over the observed period (−0.71±1.38 kg/m 2 vs −0.20±1.28 kg/m 2 ; p<0.001) (Fig. 1b) . Interestingly, identical results for body weight were obtained from analysis of the full data set compared with the per protocol data set, showing that the larger reduction achieved by glimepiride is also true for patients with acceptable or mildly too high body weight. For the full data set, an increase in BMI under SU therapy was only seen in patients with a BMI below 28 kg/m 2 and receiving glibenclamide. An increase in body weight was seen only with glibenclamide treatment in patients with a body weight below 75 kg at baseline (Fig. 1) .
Influence of variables on the difference in mean body weight and BMI change.
Covariance analysis showed that propensity score, sex, age and FBG at baseline had no significant influence on change in body weight. Body weight at first visit had an influence on change in body weight (p=0.064), and the duration of treatment at baseline significantly influenced treatment outcome (p=0.002). The adjusted mean change in body weight from baseline in glimepiride-treated patients (−2.01 kg) was greater than in patients treated with glibenclamide (−0.63 kg; p<0.001). Moreover, these adjusted changes were similar to unadjusted changes from baseline (−2.04 kg and −0.58 kg for glimepiride and glibenclamide respectively).
Similar results were obtained for the covariance analysis of change in BMI. The propensity score, sex, age, baseline FBG and baseline BMI had no significant influence on treatment outcome. Treatment duration at baseline had a significant influence on change in BMI (p=0. (Table 3) .
Please note that as this study was done retrospectively in routine clinical practice, no conclusions on safety can be made.
Dependence of treatment assignment on baseline characteristics. The propensity score was used to assess the correlation between treatment assignment and physician and patient baseline characteristics. The probability of being prescribed glimepiride was greater with female physicians (odds ratio 2.129; 95% CI 1.281 to 3.583; p=0.004) or older physicians (odds ratio 1.046; 95% CI 1.015 to 1.078; p=0.004) and in practices with a higher number of patients per quarter (odds ratio 2.086; 95% CI 1.344 to 3.237; p=0.001). It was lower in practices with a higher percentage of patients treated exclusively by dieting (odds ratio 0.954; 95% CI 0.925 to 0.984; p=0.003). Moreover, the probability of being prescribed glimepiride was lower in older patients (odds ratio 0.978; 95% CI 0.959 to 0.998; p=0.031) or patients with a higher initial FBG (odds ratio 0.997; 95% CI 0.993 to 1.000; p=0.054). Overall, the influence of practice and patient characteristics on the prescription of glimepiride was low, so treatment assignment can be considered almost independent of these characteristics, as in controlled randomised trials.
In a separate questionnaire completed by all physicians, the educational programme and recommendations for diet were assessed in each participating centre. Analysis of this data showed that differences between the glimepiride and glibenclamide treatment groups in terms of diet recommendations were negligible, suggesting that variations in diet did not contribute to the differences in weight changes between treatment groups.
Discussion
This retrolective, observational cohort study shows that initial therapy with glimepiride leads to greater reductions from baseline in body weight and BMI than treatment with glibenclamide in patients with newly diagnosed Type 2 diabetes in clinical practice. Both treatments enabled effective glycaemic control, as measured by HbA 1c and FBG concentrations, in agreement with previous studies [19] . As expected, both also reduced serum total cholesterol and LDL cholesterol, with an increase in HDL cholesterol seen only in the glimepiride group.
A major limitation of many agents used to achieve glycaemic control is that they promote weight gain. The results from this study are in accordance with previous trials showing that treatment with glimepiride results in greater weight loss than treatment with other SUs [4, 5] . Previous observational cohort studies have shown considerable weight losses with glimepiride. In a study of patients with BMI higher than 30 kg/m 2 , treatment with glimepiride led to weight loss of up to 2.2 kg within 8 weeks [4] . In a second study, average weight losses of 3.0 kg were reported after 1.5 years of glimepiride treatment [5] .
Among prospective studies investigating the effect of oral antidiabetic agents on weight change, the United Kingdom Prospective Diabetes Study (UKPDS) is to date the only one to report weight gain associated with glibenclamide (average gain: up to 5 kg over 10 years) [3] . The UKPDS studied patients with BMI below 27 kg/m 2 , which is not representative of patients with Type 2 diabetes. Our study included only patients with a BMI at baseline of 27 kg/m 2 or more, and therefore had a clinically more realistic patient popu- lation. Moreover, the full data set analysis also includes patients with BMI lower than 27 kg/m 2 . Patients receiving glibenclamide had increased BMI at study endpoint, which is consistent with the findings of the UKPDS [3] . In contrast, reductions in BMI and body weight were seen with glimepiride and glibenclamide for all other baseline categories of body weight and BMI. The mechanism behind the weight loss associated with glimepiride has not been established. However, it is likely that the lower insulin secretion stimulated by glimepiride relative to other SUs is involved [6, 7, 19, 20] . Acute post-challenge hyperinsulinaemia predicts weight gain [21] , and an intervention study in normoglycaemic, morbidly obese adolescents showed that metformin treatment led to greater weight loss than placebo [22] . Moreover, glimepiride also exerts a number of extrapancreatic, insulin-independent, glucose-lowering effects [6, 7, 20] , and improved peripheral glucose uptake and decreased endogenous glucose production have both been observed after treatment with glimepiride [10] . These insulin-sparing effects of glimepiride could, therefore, explain the weight neutrality or weight loss associated with its use. Interestingly, the metabolites both of glimepiride and glibenclamide have been shown to have hypoglycaemic activity [23, 24] , so it is unlikely that differences in metabolite activity explain the different effects on weight change reported here.
Fear of biased results has often been associated with observational studies. However, recent evidence suggests that observational, retrospective trials can provide valid results that do not overestimate the treatment effect. In an evaluation of 53 observational studies and 83 randomised, controlled trials of 19 treatment comparisons, only two of the 19 analyses showed that the combined magnitude of the effect in observational studies lay outside the 95% confidence limits of the randomised, controlled trials [13] . Similarly, another study showed clear similarities between the findings of total observational studies and randomised, controlled trials upon analysis of 99 trials investigating five clinical topics [14] . The results of our study closely mirror the findings of previous prospective trials investigating the efficacy of SUs, indicating that the retrolective study design allows reliable investigation of the long-term therapeutic value of drugs in a routine clinical setting.
In conclusion, this study again demonstrates the validity of the retrolective study design, and provides further evidence for the therapeutic value of glimepiride in clinical practice. Under the present conditions of Type 2 diabetes management in Germany, the initial treatment of the disease with glimepiride has been associated with a greater decrease in body weight and BMI than treatment with glibenclamide, while providing equivalent glycaemic control.
